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(57) ABSTRACT

The 1nvention relates to a proportional valve (1) for con-
trolling a gaseous medium, 1n particular hydrogen, compris-
ing a valve housing (2), 1n which a closing element (10)
arranged therein interacts with a valve seat (19) in order to
open and close at least one passage opeming (18). Further-
more, an armature device (25), which i1s operatively con-
nected to the closing element (10), and an electromagnet
(26) are provided, by means of which electromagnet a
magnetic force can be produced on the armature device (235)
and the armature device (25) can move reciprocatingly along
a longitudinal axis (40) of the proportional valve (1). More-
over, the electromagnet (26) comprises an inner pole (14), an
outer pole (13) and a solenoid coil (12) and the armature
device (25) composes an armature (8). The valve housing (2)
and the inner pole (14) are magnetically connected to each
other by means of a magnetic choke point (20). The mag-
netic choke point (20) 1s formed 1n an axial region of extent

of the armature (8). Furthermore, the inner pole (14) has a
cavity (21) having a cavity edge (35). The armature (8)
plunges 1n said cavity (21) during the reciprocating motion
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of said armature. In a closed position of the proportional
valve (1), an end face (33) of the armature (8) lies at the
same height as the cavity edge (35) of the cavity (21) with
respect to the longitudinal axis (40), the cavity edge (35)
forming the end of the magnetic choke point (20).
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PROPORTIONAL VALVE FOR
CONTROLLING A GASEOUS MEDIUM

BACKGROUND OF THE INVENTION

The invention relates to a proportional valve for control-
ling a gaseous medium, 1n particular hydrogen, for example
for use 1n vehicles having a tuel cell drive.

DE 102012 204 565 A1l describes a proportional valve for
controlling a gaseous medium, 1n particular hydrogen, the
proportional valve comprising a valve body, a closing ele-
ment and an elastic sealing element. At least one passage
opening 1s configured 1n the valve opening, which passage
opening can be released or closed by way of the closing
clement on a valve seat. Here, the elastic sealing element
seals on the valve seat. The closing element can be moved
in a stroke movement by means of a magnet armature by
way of an electromagnet which comprises a magnet core and
a magnet coil, and 1s loaded with force 1n the direction of the
valve seat by way of a spring.

Frequent opening and closing operations occur in the
normal operating range of the proportional valve. To this
end, a stroke movement of the closing element takes place
by means of a magnetic force which 1s generated by the
clectromagnet. For an optimum magnetic flux, the valve
body and the magnet core are connected via a non-magnetic
sleeve 1n the case of the known proportional valve. This
leads to increased tolerances in the guide of the magnet
armature within the valve body, however, which leads to

wear on the magnet armature, and also on the closing
clement.

SUMMARY OF THE INVENTION

In contrast, the proportional valve according to the inven-
tion for controlling a gaseous medium, 1n particular hydro-
gen, has the advantage that the valve body and the magnet
core are configured 1n one piece, the connecting point of the
two components being configured i such a way that an
optimum function of the proportional valve 1s achieved.

To this end, the proportional valve for controlling a
gaseous medium, in particular hydrogen, has a valve hous-
ing, 1n which a closing element which 1s arranged therein
interacts with a valve seat 1n order to open and close at least
one passage opemng. Furthermore, there are a magnet
armature apparatus which 1s operatively connected to the
closing element, and an electromagnet, by way of which a
magnetic force can be generated on the magnet armature
apparatus, and the magnet armature apparatus can be moved
with a stroke movement along a longitudinal axis of the
proportional valve. The electromagnet comprises an inner
pole, an outer pole and a magnet coil, and the magnet
armature apparatus comprises a magnet armature. The valve
housing and the inner pole are connected magnetically to
one another via a magnetic choke point, and the magnetic
choke point 1s configured 1n an axial extent region of the
magnet armature. Moreover, the inner pole has a recess with
a recess edge, into which recess the magnet armature dips
during 1ts stroke movement. An end face of the magnet
armature lies at the same height with regard to the longitu-
dinal axis as the recess edge of the recess 1n a closed position
of the proportional valve. The recess edge forms the end of
the magnetic choke point.

The valve housing and the inner pole are connected to one
another via the magnetic choke point magnetically, but also
mechanically. As a result of the single-piece configuration of
the two components, the use of a non-magnetic sleeve 1s
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dispensed with, as a result of which the wear of 1individual
components, such as for example the magnet armature, 1n
the proportional valve 1s reduced and the tightness of the
proportional valve i1s increased overall. Furthermore, the
magnetic choke point 1s configured 1n such a way that 1t
optimizes the method of operation of the proportional valve.
The course of the magnetic field lines 1n the mner pole and
in the valve housing and at the magnetic choke point can
thus be 1influenced 1n such a way that any desired stroke of
the magnet armature can be carried out depending on the
requirement of the hydrogen mass tlow.

It 1s provided 1n a first advantageous refinement of the
invention that the magnetic choke point comprises a thin-
walled cylindrical web. The magnetic choke point advanta-
geously comprises a conical region which, together with the
web and the magnet armature, configures an annular groove.
As a result, the magnetic flux leakage at the thin-walled
cylindrical web 1s low, with the result that the magnetic flux
through the web has only a slight influence on the stroke of
the magnet armature. Precise control of the proportional
valve 1s possible as a result.

In one advantageous development, the web and the mag-
net coil delimit a cavity 1n the valve housing. This contrib-
utes to a structurally simple overall design of the propor-
tional valve. The thin-walled cylindrical web aids a low tlux
leakage of the magnetic field lines 1n the web 1n the direction
of the magnet armature, since only a small radial magnetic
pole area 1s configured, by way of which its stroke 1s
scarcely influenced.

It 1s advantageously provided in a further refinement of
the invention that the magnet armature apparatus 1s guided
in a first guide section and a second guide section 1n the
valve housing and the imnner pole. First bearing bushes are
advantageously arranged on the first guide section, in which
first bearing bushes a connecting element which 1s sur-
rounded by the magnet armature apparatus 1s received and
guided. Second bearing bushes can likewise be advanta-
geously arranged on the second guide section, in which
second bearing bushes the magnet armature 1s received and
guided.

As a result, the magnet armature apparatus 1s arranged 1n
the valve housing 1n the radial direction in such a way that
radial tilting with regard to the valve seat 1s mimmized and
an optimum tightness of the proportional valve 1s thus
achieved.

It 1s advantageously provided in a further refinement of
the invention that second bearing bushes are arranged on the
second guide section, 1n which second bearing bushes the
connecting element 1s received and guided on a piston-
shaped section. The connecting element, 1n particular the
piston-shaped section, 1s advantageously produced from a
material with a high mechanical strength. As a result, radial
tilting of the magnet armature apparatus 1s minimized, and
the wear on the magnet armature 1s also reduced if the
guidance takes place on the connecting element of the
magnet armature apparatus. Furthermore, said connecting
clement can then be adapted to the mechanical conditions,
such as for example the selection of a material with a high
mechanical strength.

It 1s provided in one advantageous development that an
clastic sealing eclement 1s arranged between the closing
clement and the valve seat. The valve seat 1s advantageously
configured as a flat seat. The tightness of the proportional
valve can be ensured in a simple way and without great
structural modifications by way of the use of a flat valve seat
in combination with an elastic sealing element 1n order to




US 11,242,939 B2

3

seal ofl at the valve seat, with the result that, for example, no
hydrogen can escape from the proportional valve.

It 1s advantageously provided 1n a further refinement of

the invention that a closing spring 1s arranged in the valve
housing, which closing spring 1s supported between the
connecting element of the magnet armature apparatus and
the valve housing and loads the magnet armature apparatus
with force in the direction of the valve seat. The closing
spring therefore ensures the seating of the elastic sealing
clement on the valve seat, with the result that an optimum
tightness of the metering apparatus 1s achieved.
In a further refinement of the invention, there 1s an interior
space 1n the valve housing, which interior space 1s divided
by way of the mner pole or the valve housing into a spring,
space and a magnet armature space. An inlet duct 1s advan-
tageously configured 1n the valve housing radially with
respect to the longitudinal axis of the proportional valve, via
which inlet duct gaseous medium, preferably hydrogen, can
enter ito the proportional valve. A simple and structurally
compact design 1s promoted as a result.

The described proportional valve 1s preferably suitable in
a Tuel cell arrangement for controlling a hydrogen feed to an
anode region of a fuel cell.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of a proportional valve accord-
ing to the mvention for controlling a gas feed, in particular
hydrogen to a fuel cell, are shown in the drawing, 1n which:

FIG. 1 shows a first exemplary embodiment of a propor-
tional valve according to the mvention 1n longitudinal sec-
tion,

FIG. 2 shows a second exemplary embodiment of the
proportional valve according to the invention in longitudinal
section, and

FIG. 3 shows a third exemplary embodiment of the
proportional valve according to the invention in longitudinal
section.

DETAILED DESCRIPTION

FIG. 1 shows a first exemplary embodiment of a propor-
tional valve 1 according to the mvention in longitudinal
section. The proportional valve 1 has a valve housing 2 with
an 1nterior space 3. An electromagnet 26 which comprises a
magnet coil 12, an mner pole 14 and an outer pole 13 1s
arranged 1n the interior space 3.

Furthermore, a magnet armature apparatus 25 which can
be moved 1n a stroke movement 1s arranged 1n the interior
space 3. The magnet armature apparatus 235 comprises a
magnet armature 8 and a connecting element 9 which 1s
received 1n a recess 36 of the magnet armature 8 and 1s
therefore connected fixedly to the magnet armature 8, for
example by way of a welded seam or by way of pressing.
The magnet armature 8 1s configured as a solenoid plunger
and 1s received 1n the inner pole 14. The inner pole 14 has
a recess 21 with a recess edge 35, into which recess 21 the
magnet armature 8 dips during 1ts stroke movement. An end
face 33 of the magnet armature 8 lies at a height H with
regard to a longitudinal axis 40 of the proportional valve 1
and at the same height as the recess edge 35 of the recess 21
in a closed position of the proportional valve 1. In the case
ol a stroke movement of the magnet armature 8, the latter 1s
received directly in the recess 21.

First bearing bushes 60 are arranged on the mner pole 14
in a recess 34, in which first bearing bushes 60 the connect-
ing element 9 1s recerved and guided on a first guide section
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6 of the mner pole 14. Furthermore, second bearing bushes
70 are arranged on the valve housing 2, in which second
bearing bushes 70 the magnet armature 8 1s recerved and
guided.

The connecting element 9 1s connected fixedly at one end
to a closing element 10. At its end which faces away from
the connecting element 9, the closing element 10 has an
clastic sealing element 11.

The valve housing 2 comprises a nozzle body 15 which
has a passage opening 18, as a result of which an inflow
region 28 can be connected to an outtlow region 29. A flat
valve seat 19 1s configured on the nozzle body 135, which flat
valve seat 19 interacts with the elastic sealing element 11 of
the closing element 10, with the result that the passage
opening 18 1s closed when the closing element 10 lies with
the elastic sealing element 11 on the flat valve seat 19.

A spring space 30 which forms a part of the interior space
3 1s configured 1n the mmner pole 14. A closing spring 4 1s
arranged 1n the spring space 30, which closing spring 4 1s
supported between the 1nner pole 14 and a plate-shaped end
5 of the connecting element 9. The closing spring 4 loads the
magnet armature apparatus 23 with a force 1n the direction
of the valve seat 19.

Furthermore, the interior space 3 comprises a magnet
armature space 300, in which the magnet armature 8 1is
arranged. The magnet armature space 300 1s connected via
a connecting duct 16 to the spring space 30. At its end which
faces the closing element 10, the magnet armature 8 adjoins
the intflow region 28 which can be filled with gaseous
medium, for example hydrogen, via an inlet duct 17 which
1s arranged radially with regard to the longitudinal axis 40 of
the proportional valve 1.

The valve housing 2 and the mner pole 14 are connected
to one another magnetically and mechanically via a mag-
netic choke point 20. They can advantageously be config-
ured 1n one piece. The magnetic choke point 20 comprises
a thin-walled cylindrical web 201 and a conical region 202,
as a result of which an annular groove 302 1s configured 1n
the magnet armature space 300. The thin-walled cylindrical
web 201 has a wall thickness of between 0.2 mm and 0.5
mm, preferably of between 0.3 mm and 0.35 mm. A cylin-
drical web 201 which 1s as thin-walled as possible 1s thus
made possible, the stability of the valve housing 2 and/or the
inner pole 14 being ensured at the same time. The magnetic
choke point 20 extends from the recess edge 35 of the recess
21 at the height H 1n the direction of the closing element 10
to a height h with regard to the longitudinal axis 40 on the
magnet armature 8.

Method of Operation of the Proportional Valve 1

In the case of a non-energized magnet coil 12, the closing
clement 10 1s pressed onto the valve seat 19 via the closing
spring 4, with the result that the connection between the
inflow region 28 and the outflow region 29 1s interrupted and
no throughtlow of gas takes place.

If the magnet coil 12 1s energized, a magnetic force 1s
generated on the magnet armature 8 which 1s directed
counter to the closing force of the closing spring 4. Said
magnetic force 1s transmitted via the connecting element 9
to the closing element 10, with the result that the closing
force of the closing spring 4 1s overcompensated and lifts the
closing element 10 from the valve seat 19. A throughflow of
gas 1s released by way of the proportional valve 1.

The stroke of the closing element 10 can be set via the
magnitude of the current strength on the magnet coi1l 12. The
higher the current strength on the magnet coil 12, the greater
the stroke of the closing element 10 and the higher also the
throughtlow of gas in the proportional valve 1, since the
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force of the closing spring 4 1s dependent on the stroke. If
the current strength on the magnet coi1l 12 1s reduced, the
stroke of the closing element 10 1s also reduced, and the
throughtlow of gas 1s therefore throttled.

The magnetic flux leakage which originates from the
magnetic field lines at the magnetic choke point 20 1s low,
with the result that this scarcely influences the stroke move-
ment of the magnet armature 8. If the magnet armature 8
dips into the recess 21 of the mner pole 14, the flux leakage
of the magnetic field lines in the 1nner pole 14 or the valve
housing 2 increases, with the result that the magnetic 1ntlu-
ence on the magnet armature 8 rises. As a result, the stroke
height of the magnet armature 8 can be set in a variable
manner.

If the current on the magnet coil 12 1s mterrupted, the
magnetic force on the magnet armature 8 1s dissipated, with
the result that the force on the closing element 10 by means
of the connecting element 9 1s reduced. The closing element
10 moves in the direction of the passage opening 18 and
seals by way of the elastic sealing element 11 on the valve
seat 19. The throughflow of gas in the proportional valve 1
1s 1nterrupted.

FIG. 2 shows a further exemplary embodiment of the
proportional valve 1 according to the invention 1 longitu-
dinal section. Components with an i1dentical function are
denoted by way of the same designations. In comparison
with FIG. 1, the thin-walled cylindrical web 201 1s config-
ured 1n said exemplary embodiment 1in such a way that,
together with the magnet coil 12, 1t delimits a cavity 301.
The cavity 301 1s of rectangular configuration in cross
section.

The remaining design and the method of operation of the
exemplary embodiment which 1s shown i FIG. 2 corre-
spond to the exemplary embodiment from FIG. 1.

FIG. 3 shows a further exemplary embodiment of the
proportional valve 1 according to the invention 1 longitu-
dinal section. Components with an identical function are
denoted by way of the same designations. Here, 1n compari-
son with FIG. 1, a piston-shaped section 23 of the connect-
ing element 9 1s recerved and guided on the second bearing
bushes 70 instead of the magnet armature 8. Here, the
connecting element 9 1s produced from a material with a
high mechanical strength.

The proportional valve 1 according to the invention can
be used, for example, 1n a fuel cell arrangement. Hydrogen
from a tank can be fed to an anode region of the fuel cell by
means of the proportional valve 1. Depending on the mag-
nitude of the current strength on the magnet coil 12 of the
proportional valve 1, by way of which magnet coil 12 the
stroke of the closing element 10 1s actuated, a tlow cross
section of the passage opening 18 1s therefore changed 1n
such a way that the gas stream which 1s fed to the fuel cell
1s set as required continuously.

The proportional valve 1 for controlling a gaseous
medium therefore has the advantage that, here, the feed of
the first gaseous medium and the metering of hydrogen into
the anode region of the fuel cell can take place n a
substantially more exact manner by means of electronically
controlled adaptation of the flow cross section of the passage
opening 18 with simultaneous regulation of the anode pres-
sure. As a result, the operational reliability and durability of
the connected fuel cell are improved considerably, since
hydrogen 1s always fed in 1n a hyperstoichiometric propor-
tion. In addition, consequential damage, such as for example
damage of a downstream catalytic converter, can also be
prevented.
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What 1s claimed 1s:
1. A proportional valve (1) for controlling a gaseous
medium, having a valve housing (2), in which a closing
clement (10) which 1s arranged therein interacts with a valve
seat (19) 1 order to open and close at least one passage
opening (18), having a magnet armature apparatus (25)
which 1s operatively connected to the closing element (10),
and having an electromagnet (26) configured to generate a
magnetic force on the magnet armature apparatus (23), such
that the magnet armature apparatus (25) can be moved with
a stroke movement along a longitudinal axis (40) of the
proportional valve (1), the stroke movement including
movement of the magnet armature apparatus (25) i an
opening direction away from the valve seat (19) and 1n a
closing direction opposite of the opening direction,
the electromagnet (26) comprising an inner pole (14), an
outer pole (13) and a magnet coil (12), and the magnet
armature apparatus (25) comprising a magnet armature
(8).

the valve housing (2) and the inner pole (14) being
connected magnetically to one another via a magnetic
choke point (20), and the magnetic choke point (20)
being configured 1n an axial extent region of the magnet
armature (8),

wherein the inner pole (14) has a recess (21) with a recess
edge (35) forming an end of the magnetic choke point
(20), the recess (21) extending in the opening direction
from the recess edge (35),

wherein the magnet armature (8) has an end face (33) that
1s positioned furthest on the magnet armature (8) 1n the
opening direction,

wherein, 1n a closed state of the proportional valve (1), the

end face (33) of the magnet armature (8) lies at a same
position along the longitudinal axis (40) as the recess
edge (35), and

wherein, during the stroke movement in the opening

direction, the magnet armature (8) dips 1nto the recess
(21).

2. The proportional valve (1) as claamed 1 claim 1,
wherein the magnetic choke point (20) comprises a thin-
walled cylindrical web (201).

3. The proportional valve (1) as claimed i claim 2,
wherein the magnetic choke point (20) comprises a conical
region (202) which forms an annular groove (302) together
with the thin-walled cylindrical web (201) and the magnet
armature (8).

4. The proportional valve (1) as claamed i claim 2,
wherein the thin-walled cylindrical web (201) and the mag-
net coil (12) delimit a cavity (301) in the valve housing (2).

5. The proportional valve (1) as claamed i claim 1,
wherein the magnet armature apparatus (23) 1s guided 1n a
first guide section (6) and a second guide section (7) 1n the
valve housing (2) and the inner pole (14).

6. The proportional valve (1) as claamed 1n claim 5,
wherein first bearing bushes (60) are arranged on the first
guide section (6), wherein a connecting element (9), which
1s surrounded by the magnet armature apparatus (235), 1s
received and guided 1n the first bearing bushes (60).

7. The proportional valve (1) as claamed i claim 5,
wherein second bearing bushes (70) are arranged on the
second guide section (7), wherein the magnet armature (8)
or the connecting element (9) 1s received and guided on a
piston-shaped section (23) in the second bearing bushes
(70).

8. The proportional valve (1) as claamed 1 claim 7,
wherein the connecting element (9) 1s produced from a
material with a high mechanical strength.
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9. The proportional valve (1) as claimed i1n claim 1,
wherein an elastic sealing element (11) 1s arranged between
the closing element (10) and the valve seat (19).
10. The proportional valve (1) as claimed 1n claim 1,
wherein a closing spring (4) 1s arranged 1n the valve housing,
(2), and wherein the closing spring (4) 1s supported between
the connecting element (9) of the magnet armature apparatus
(25) and the valve housing (2) and loads the magnet arma-
ture apparatus (25) with force in the second direction.
11. The proportional valve (1) as claimed in claim 1,
turther comprising an interior space (3) which 1s divided by
way of the inner pole (14) or the valve housing (2) mto a
spring space (30) and a magnet armature space (300) 1n the
valve housing (2).
12. The proportional valve (1) as claimed in claim 1,
wherein an mlet duct (17) 1s configured 1n the valve housing,
(2) radially with respect to the longitudinal axis (40) of the
proportional valve (1), wherein the gaseous medium can
enter into the proportional valve (1) via the nlet duct (17).
13. A fuel cell arrangement comprising a fuel cell and a
proportional valve (1) for controlling a hydrogen feed to the
tuel cell, the proportional valve having a valve housing (2),
in which a closing element (10) which 1s arranged therein
interacts with a valve seat (19) in order to open and close at
least one passage opening (18), having a magnet armature
apparatus (23) which 1s operatively connected to the closing
clement (10), and having an electromagnet (26) configured
to generate a magnetic force on the magnet armature appa-
ratus (25), such that the magnet armature apparatus (25) can
be moved with a stroke movement along a longitudinal axis
(40) of the proportional valve (1), the stroke movement
including movement of the magnet armature apparatus (25)
in an opening direction away from the valve seat (19) and 1n
a closing direction opposite of the opening direction,
the electromagnet (26) comprising an nner pole (14), an
outer pole (13) and a magnet coil (12), and the magnet
armature apparatus (25) comprising a magnet armature
(8).

the valve housing (2) and the inner pole (14) being
connected magnetically to one another via a magnetic
choke point (20), and the magnetic choke point (20)
being configured 1n an axial extent region of the magnet
armature (8),

wherein the inner pole (14) has a recess (21) with a recess
edge (35) forming an end of the magnetic choke point
(20), the recess (21) extending in the opening direction
from the recess edge (35),

wherein the magnet armature (8) has an end face (33) that
1s positioned furthest on the magnet armature (8) 1n the
opening direction,

wherein, 1n a closed state of the proportional valve (1), the

end face (33) of the magnet armature (8) lies at a same
position along the longitudinal axis (40) as the recess
edge (35), and

wherein, during a stroke movement in the opening direc-

tion, the magnet armature (8) dips mnto the recess (21).

14. The proportional valve (1) as claimed in claim 6,
wherein second bearing bushes (70) are arranged on the
second guide section (7), wherein the magnet armature (8)
or the connecting element (9) 1s received and guided on a
piston-shaped section (23) in the second bearing bushes
(70).

15. The proportional valve (1) as claimed in claim 14,
wherein the piston-shaped section (23) 1s produced from a
material with a high mechanical strength.
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16. A proportional valve (1) for controlling a gaseous
medium, having a valve housing (2), in which a closing
clement (10) which 1s arranged therein interacts with a valve
seat (19) 1 order to open and close at least one passage
opening (18), having a magnet armature apparatus (25)
which 1s operatively connected to the closing element (10),
and having an electromagnet (26) configured to generate a
magnetic force on the magnet armature apparatus (23), such
that the magnet armature apparatus (25) can be moved with
a stroke movement along a longitudinal axis (40) of the
proportional valve (1), the stroke movement including
movement of the magnet armature apparatus (25) in an
opening direction away from the valve seat (19) and 1n a
closing direction opposite of the opening direction,
the electromagnet (26) comprising an mnner pole (14), an
outer pole (13) and a magnet coil (12), and the magnet
armature apparatus (25) comprising a magnet armature
(8).

the valve housing (2) and the inner pole (14) being
connected magnetically to one another via a magnetic
choke point (20), and the magnetic choke point (20)
being configured 1n an axial extent region of the magnet
armature (8),

wherein the mner pole (14) has a recess (21) with a recess
edge (35) forming an end of the magnetic choke point
(20), the recess (21) extending in the opening direction
from the recess edge (33),

wherein the magnet armature (8) has an end face (33) that
1s positioned furthest on the magnet armature (8) 1n the
opening direction,

wherein, 1n a closed state of the proportional valve (1), the

end face (33) of the magnet armature (8) lies between
the recess edge (335) and the valve seat (19) along the
longitudinal axis (40), and

wherein, during the stroke movement in the opening

direction, the magnet armature (8) dips into the recess
(21).

17. The proportional valve (1) as claimed in claim 1,
wherein the longitudinal axis (40) 1s a centerline of the
proportional valve (1), and wherein the recess edge (35) and
the magnetic choke point (20) define a magnetic armature
space that opens toward the centerline of the proportional
valve (1).

18. The proportional valve (1) as claimed i claim 1,
wherein the entire end face (33) of the magnet armature (8)
lies 1n a plane perpendicular to the longitudinal axis (40).

19. The proportional valve (1) as claimed 1n claim 13,
wherein the longitudinal axis (40) 1s a centerline of the
proportional valve (1), and wherein the recess edge (35) and
the magnetic choke point (20) define a magnetic armature
space that opens toward the centerline of the proportional
valve (1).

20. The proportional valve (1) as claimed 1n claim 13,
wherein the entire end face (33) of the magnet armature (8)
lies 1n a plane perpendicular to the longitudinal axis (40).

21. The proportional valve (1) as claimed 1n claim 16,
wherein the longitudinal axis (40) 1s a centerline of the
proportional valve (1), and wherein the recess edge (35) and
the magnetic choke point (20) define a magnetic armature
space that opens toward the centerline of the proportional
valve (1).

22. The proportional valve (1) as claimed 1n claim 16,
wherein the entire end face (33) of the magnet armature (8)
lies 1n a plane perpendicular to the longitudinal axis (40).

¥ ¥ H ¥ H



	Front Page
	Drawings
	Specification
	Claims

